Trigeminal neuralgia is defined as sudden, usually unilateral, severe, brief, stabbing recurrent episodes of pain within the distribution of one or more branches of the trigeminal nerve, which has a profound effect on quality of life. The diagnosis is made on history alone, and time needs to be taken to elicit the key features and differentiate from toothache or one of the trigeminal autonomic cephalalgias. Most trigeminal neuralgia is idiopathic, but a small percentage is due to secondary causesdfor example, tumours or multiple sclerosisdwhich can be picked up on CT or MRI. Recently published international guidelines suggest that carbamazepine and oxcarbazepine are the first-line drugs. There is limited evidence for the use of lamotrigine and baclofen. If there is a decrease in efficacy or tolerability of medication, surgery needs to be considered. A neurosurgical opinion should be sought early. There are several ablative, destructive procedures that can be carried out either at the level of the Gasserian ganglion or in the posterior fossa. The only non-destructive procedure is microvascular decompression (MVD). The ablative procedures give a 50% chance of patients being pain free for 4 years, compared with 70% of patients at 10 years after MVD. Ablative procedures result in sensory loss, and MVD carries a 0.2e0.4% risk of mortality with a 2e4% chance of ipsilateral hearing loss. Surgical procedures result in markedly improved quality of life. Patient support groups provide information and support to those in pain and play a crucial role.
INTRODUCTION
The International Association for the Study of Pain defines trigeminal neuralgia (TN) as 'sudden, usually unilateral, severe, brief, stabbing, recurrent episodes of pain in the distribution of one or more branches of the trigeminal nerve. ' 1 Until fairly recently, the only high-quality epidemiology study on TN was from the USA, which showed an annual incidence of 4e5 per 100 000. 2 However, recent surveys from both the UK 3 and the Netherlands 4 show much higher incidences of 26.8 and 28.9 per 100 000, respectively.
A recent European study using a sample of 602 patients with neuropathic pain found that 14% had TN. 5 This group of 82 patients with TN were found to have moderately severe pain and poor quality of life despite 94% of them taking medication. We suggest that this is in part due to suboptimal management strategies secondary to lack of knowledge about this relatively rare disease. 6 Both dental and medical professionals often misdiagnose the disorder, potentially resulting in unnecessary dental extractions or inappropriate prescription of drugs such as opioids.
The UK survey 3 shows a higher incidence in females in all age groups, and a peak incidence between 45 and 59 years, which is lower than previous epidemiological data. However, it is likely that some of these cases have been potentially misdiagnosed as dental pain, sinusitis or even temporomandibular disorders, as these can present with similar symptoms to TN. 7 Koopman et al 8 have shown that misdiagnosis by general practitioners can be as high as 48%. As conducted by previous authors, they identified cases from general practice records, but experienced neurologists then carried out interviews in the suspected cases and revised the diagnoses. We believe that the apparent rise in the reported incidence of TN is probably secondary to misreporting and misdiagnosis rather than any other significant causes.
TN is divided into what is termed by The International Headache Society as 'classical' and 'symptomatic' (secondary). 9 Those with symptomatic TN have either a compression of the trigeminal nerve caused by tumours (benign and malignant) or other structural abnormalities such as arteriovenous malformations, or have multiple sclerosis (MS). Classical TN includes all cases with no definitive aetiology identified apart from a vascular compression of the trigeminal nerve. Not every patient with TN fulfils all of the diagnostic criteria identified by the International Headache Society (table 1) , and the terms atypical TN or type II TN are used to describe these patients. 10 11 The aims of this review are to describe the nature of TN and outline the current approaches to the diagnosis and management of this debilitating facial pain condition. Owing to a dearth of robust evidence relating to certain aspects of TN management, we have supplemented the discussion with personal commentary.
CLINICAL FEATURES
The basic clinical features are shown in table 1. The diagnostic criteria have not been validated by caseecontrol studies or according to evidence-based methodologies, in part because there are no objective tests. 10 It is essential to listen to the description that the patient provides, as often they will use words that are pathognomonic for TN. Below are a few descriptions taken from patient narratives 12 : < 'Ice pick, shocks, live 300-volt current, electric shock-like pains' < 'Constant hot knife jabbing volts or stabs in my right cheek area' < 'Sharp electric-like quality' < 'Shooting jolts of electricity directly into the raw nerves' < 'While brushing my teeth one morning I got a bolt of lightning exploded in my face.' < 'The pain was sharp stabbing, electrical shock-like pains that would last for only seconds; however, there would be a dull sensation after the pain subsided.' < 'It is like you have a live wire, and you take the sheeting off the wire and sparks are flying off that.' These descriptors imply not only the sharpness of the pain but also its rapidity and severity. Many patients vividly remember their first attack, and surgeons have gone so far as to say that patients who have a memorable onset are more likely to have good outcomes. 13 The pain develops rapidly and lasts for no more than 2 min. Sometimes it is difficult for patients to appreciate that there are very short breaks between each attack of pain. Characteristically there is a refractory period. The severity of the pain varies from mild to extremely severe, resulting in weight loss and inability to maintain good oral hygiene.
The pain is provoked by light touch, often by intraoral triggers, but it is essential to establish whether there are also extraoral triggers, as these then help to differentiate it from dental causes. Reported trigger factors are: < washing the face < brushing teeth < shaving < applying make up < going out in cold wind < vibrations from walking An important distinguishing factor from the rarer trigeminal autonomic cephalalgias is that there are no autonomic symptoms. Those patients diagnosed as having atypical or type II TN tend to have a background, milder aching or burning type pain which can persist for over 30 min. 11 14 Pain located only in the first division of the trigeminal nerve needs to be more carefully evaluated, as it is more likely to be a trigeminal autonomic cephalalgia than TN.
IMPACT ON QUALITY OF LIFE
TN is a debilitating pain condition which clearly disrupts the quality of life. However, very few studies have attempted to measure the impact of TN on quality of life. Two long-term cohort studies (3 and 13 years) have shown that many patients have depression, which can be reversed following surgery. 15 16 Moreover, narratives obtained from patient focus groups and material submitted for the writing of TN literature support this finding and illustrate how the fear of pain recurrence affects daily living. 12 The disruption to daily living caused by TN is illustrated by the following patient narratives: < 'Isolation, depression, fear of increasing pain are just some of the emotions I try to work through.' < 'TN does changes your identity. Suddenly you see how precious life can be and it makes you reflect on what you are doing.' < 'It is so hard to show my pain. I don't want people to feel bad around me or feel sorry for me. I feel my pain makes them distant . I try to appear cheerful when I am really sad inside. when my depression is up high I can't eat, sleep or think of anything positive.' < 'I have decided not to pursue any more teaching responsibilities, although this is what I had hoped to do after I retire from my current position.' < 'I spent my waking hours trying to overdose, screaming and crying for relief. Emotions? Suicidal at worst, depressed at best.' Often patients will not voice these emotions, as they think that doctors only want the medical symptoms. However, if more doctors were to hear these stories, it would increase their empathy towards this poorly understood group of patients.
DIFFERENTIAL DIAGNOSES
There are a variety of differential diagnoses to be considered when dealing with a suspected case of TN. Several of the key differentials are summarised in table 1.
PATHOGENESIS
The ignition hypothesis as described by Devor et al is the most widely accepted hypothesis for the pathophysiology of TN. 17 According to it, TN results from specific abnormalities of trigeminal afferent neurons in the trigeminal root or ganglion. Injury renders the axons hyperexcitable, resulting in paroxysmal pain discharges. Surgeons have shown that, at the entry point of the trigeminal nerve into the brain stem (root entry zone), there is in most cases a compression of the nerve, usually caused by vascular structures (figure 1). Electron microscopy studies on trigeminal nerves in this area have shown evidence of both demyelination and remyelination. 18 These partially injured sensory neurons thus become hyperexcitable and exhibit a phenomenon known as 'after discharge'. These after discharge bursts may be triggered by an external stimulus and extend beyond the duration of the stimulus. They can then also recruit additional neighbouring neurons, leading to a rapid build up of electrical activity, which results in a paroxsymal explosion of pain. Ephaptic cross-talkdthat is, electrical cross-talk among neuronsdalso takes place and leads to further amplification. This is possible because the insulation has been eroded and the fibres lie in close contact with each other. Characteristically, TN attacks are rapid, and Devor et al explain the stop mechanism as being due to post-burst hyperpolarisation, which is due to influx of potassium ions into the channels, making the nerve refractory to further excitation. 17 
Investigations
Patient history is the most useful tool for diagnosing classical TN. However, recent advances in neuroimaging have improved the ability to diagnose symptomatic TN. MRIs are used to both identify these cases and determine whether there is a vascular compression of the trigeminal nerve. A major risk factor for TN has been shown to be MS 2 ; although a relatively rare cause, it is crucial that it is identified, as management can vary from antiepileptic drugs to major surgery.
Recent guidelines issued by the American Academy of Neurology (AAN) and the European Federation of Neurological Societies (EFNS) have failed to find sufficient evidence to support or refute the fact that the presence of a neurocompression is the cause of TN. 19 20 Neuroimaging will identify the cause in patients with symptomatic TNdthat is, MS plaques, compressions.
Neurophysiological tests may be helpful in distinguishing symptomatic from classical TN, as the former may have: < abnormal trigeminal reflexes (specificity 94%, sensitivity 87%) < abnormal trigeminal nerve-evoked potentials < trigeminal sensory deficits and or bilateral involvement However, involvement of first division of the trigeminal nerve and unresponsiveness to treatment are probably not associated with an increased risk of symptomatic TN. 19 20 
MEDICAL MANAGEMENT
There are now several systematic reviews, including Cochrane collaborations, detailing the use of drugs in TN, in addition to guidelines for both general medical practitioners and specialists.
19e25 Unfortunately, there have been few high-quality randomised controlled trials (RCTs), and many were conducted using small cohorts in single centres. The major drugs are summarised in table 2.
It is important to check all dosages and formulations in the BNF.
All drugs will result in neurological side effects such as drowsiness, ataxia and diplopia at higher doses.
Carbamazepine is the drug of choice, as shown in table 2. It is highly effective and, in newly diagnosed patients, is likely to provide complete pain relief within a few days. It needs to be started at a low dose and increased slowly in order to minimise side effects. However, this drug results in multiple adverse effects including drug interactions. Therefore, this has led to the search for other similarly effective drugs with potentially less problematic side-effect profiles. Recent guidelines have suggested that the second-line drug should be oxcarbazepine, which is in fact a prodrug of carbamazepine. 19 20 This drug does not use the liver cytochrome system and therefore does not result in such widespread drug interactions and is generally better tolerated. It must, however, be remembered that, given the chemical similarity of these drugs, allergic cross-reactions between the two drugs can occur. The AAN/EFNS guidelines suggest that lamotrigine and baclofen are other second-line drugs that could be prescribed. 19 20 More recently, a RCT of gabapentin with regular ropivacaine injections into the trigger sites suggested that this combination was highly effective. However, the patients in this trial were newly diagnosed and may therefore have been likely to go into remission. 26 Adequate evidence was not found for acute management of TN attacks, although there are some case reports of the use of intravenous fosphenytoin. 19 20 Topical injections of lidocaine into trigger points as conducted in the field of dentistry will provide immediate but short-lasting pain relief. There are no RCTs on the use of oral or intravenous opioids in the treatment of TN. Pregabalin has been shown to be useful in a prospective open-label study, 27 whereas levetiracetam, although well tolerated, is not effective for severe TN. 28 A considerable number of drugs are now available, especially anticonvulsants, which have been used in TN, but the evidence for their efficacy is unproven by RCTs. There are no high-quality trials on which drug therapy can be based in MS patients with TN. 19 20 This group of patients remain difficult to manage with pharmacotherapy, as often the side effects of the drugs compound the symptoms of the MS. 
PATIENT INFORMATION
As well as knowing the optimal drugs to use, it is important that doctors understand how patients can maximise the effects of these drugs. We provide information leaflets, which include some of the following instructions: < take a dose 30e45 min prior to activities that involve light touch < space out the doses evenly throughout the day < avoid rapid escalation; often one dose escalation every 3 days is sufficient < take a larger dose at night especially if pain does not wake at night < expect to get side effects; reduction of dose can sometimes help < stop the drug if a rash develops < return to the general practitioner for blood test monitoring, especially in the first few months of use < inform any other prescribers that the patient is using these drugs, because possible drug interactions are common (eg, carbamazepine and warfarin) < once all pain has stopped and it can no longer be triggered, consider slow reduction and eventual cessation of drug < restart the drug if any pain returns < keep pain diaries in order to aid accurate evaluation of drug efficacy.
MANAGEMENT OF PHARMACORESISTANT PATIENTS
Treatment may fail for a number of reasons, and this needs to be addressed before moving to the next stage. It is always worthwhile reconsidering the diagnosis if the drugs no longer provide adequate pain relief. There are few cohort data on the progression of TN. The single study that looked specifically at this issue suggests that patients are likely to have more frequent attacks with time. 29 However, the rate of progression and rate of relapse remain unknown and currently no predictions can be provided. Two long-term drug studies suggest that drug therapy fails with time, not necessarily due to reduced serum drug levels. 16 30 Once medical management fails, either due to lack of pain control or poor tolerability of pharmacotherapy, then surgical treatments need to be considered.
The AAN/EFNS group searched for data to determine at what point surgical intervention should occur, and found that there was insufficient evidence to suggest when surgery should be offered. 19 20 We believe it is important that patients discuss surgical options early in the disease process with a neurosurgeon. Once the pain becomes severe and patients are on high-dose medication, it is often difficult for them to provide wholly informed consent for any proposed surgical procedures. A recent study on how patients make decisions about treatment suggests that, in a hypothetical situation, patients would opt to have surgical treatment rather than medical management. 31 
SURGICAL INTERVENTIONS
There are a wide variety of surgical treatments available and only one of these, microvascular decompression, aims to preserve trigeminal nerve function intact. All of the other procedures can be termed destructive or ablative, as they aim to reduce sensory input and hence give rise to a degree of nerve damage. The interventions are performed at three target areas: < peripheraldthat is, distal to the Gasserian ganglion at specified trigger points < Gasserian ganglion level < posterior fossa at the root entry zone.
These techniques are summarised in table 3. The data are based on the AAN/EFNS findings. 19 20 
Peripheral techniques
A wide variety of peripheral techniques have been described including: cryotherapy, neurectomies, peripheral acupuncture, peripheral radiofrequency thermocoagulations (RFTs) and a variety of injections, such as alcohol, phenol and streptomycin. Only the latter has been reported in two RCTs, which demonstrated that it was ineffective. 32 33 All of the other studies were case series which failed to use independent observers to assess outcomes. There is therefore insufficient evidence to support the use of peripheral treatments. 
Percutaneous procedures at the level of the Gasserian ganglion
All of these involve the insertion of a cannula through the foramen ovale into the trigeminal ganglion under heavy sedation or short general anaesthetic. The ganglion can then be lesioned using heat (RFT), injection of glycerol, or mechanical compression by the use of a balloon. Usually, an overnight inpatient stay is required for these procedures. There is limited evidence to support these treatments, with no RCTs and minimal evidence from prospective case series that have used independent outcome measures. The major outcome measure has been pain relief, and there are only a handful of studies that have measured quality of life. Up to 90% of patients are likely to obtain immediate pain relief, but this gradually reduces so that, by 5 years, w50% of patients will have a recurrence of pain. Mortality is understandably low with regard to these procedures. Given that all of these interventions are destructive, varying degrees of sensory loss are reported. This sensory loss can be very mild; however, up to 4% of patients may report severe anaesthesia dolorosa. When the treatments involve the first division of the trigeminal nerve, then eye problems such as corneal numbness and keratitis are possible. Pulsed RFT is a procedure whereby the RFT applied at the level of the Gasserian ganglion is a pulsed rather than continuous current. The perceived benefit of pulsed over continuous is the reduction in postoperative sensory loss. However, current evidence suggests the pain relief outcome of pulsed RFT is inferior compared with traditional RFT.
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Gamma knife surgery
This is an ablative procedure, which targets the trigeminal root entry zone in the posterior fossa and aims to focus a beam of radiation at this point. There have been trials to determine both the optimum dose of radiation and its precise location. Initial reports suggested that this procedure was the most acceptable, as it was the least invasive and resulted in no side effects. However, as data have now been accumulating, there is evidence to show that sensory loss also occurs in these patients, albeit often with delayed onset of up to 6 months. Pain relief may also be delayed for some months after the procedure. In those studies using independent outcome measures, it would appear that pain relief periods are similar to those procedures that are performed at the Gasserian ganglion level. Data using a non-validated questionnaire suggest the quality of life is improved.
Microvascular decompression
This is the only non-destructive procedure, but it is the most invasive operation of all those undertaken for TN. A craniotomy is performed in the postauricular area, which enables the trigeminal nerve to be exposed and vessels to be identified and then moved out of direct contact with the trigeminal nerve. There are again no RCTs and only a handful of studies that have used independent outcome measures. Given that this is a major neurosurgical procedure, it follows that it will be associated with mortality, which varies from 0.2% to 0.5%. This is considerably lower than when the procedure was first reported some 25 years ago. It has been shown in the USA that highvolume units are likely to have lower mortalities and lower postoperative morbidity. 35 Most of the complications tend to be in the early postoperative period and include cerebrospinal fluid leaks, haematomas, aseptic meningitis, diplopia and facial weakness. The major long-term complication is ipsilateral hearing loss, which can be as high as 10%. Overall, when reporting practice guidelines, the AAN/EFNS could only state that the longest duration of pain relief could be obtained in patients undergoing microvascular decompression, and that there is a lack of direct comparative studies between the different surgical techniques. 19 20 
PATIENT SUPPORT
Patients with TN have traditionally been managed using a biomedical model, and there are no studies on psychological therapies. Yet in meeting and reading the stories of sufferers, we have become much more aware of the need to provide highquality explanations, to acknowledge the emotions that accompany this disorder, and to provide support. Some of these needs have been addressed by the patients themselves.
As in most areas of medicine, there are now increasing numbers of support groups to help patients gain further information and meet fellow sufferers outside the usual medical environment. As Muir Gray 36 argues, patients, especially those belonging to support groups, now feel empowered, ask their doctors challenging questions, and expect to be provided with information. As one patient reports, 'As you progress through your disease, you begin to feel alone; you begin to feel angry because somebody did not explain to you what was going to happen to you down the hill'. 12 There are now several support groups for patients, and details of these are given in table 4.
A review of conferences organised by TN associations in the USA, UK and Australia show that patients not only attend them in order to gain further knowledge, but also to meet healthcare professionals who have a particular interest in this condition. Satisfaction from these conferences is high. 38 Narrative from patients with TN has provided rich material in terms of greater appreciation of the severity of the disease and its impact on patients' lives. It has also shown the need for further research, with some of these questions summarised in the current research questions box. CONCLUSION TN is a rare but debilitating condition that can initially be treated in primary care by both medical and dental practitioners, but ultimately care needs to be shared with specialists who can provide a wide range of treatment options. There remain a wide range of research questions that require to be answered.
I would hope that this article has enabled you to become the type of doctor that patients are looking for: 'We need to find a medical doctor who is interested in TN as a specialty, for they have the power to prescribe medications, and to perform procedures and surgeries'. In addition, that you take a partnership role, which is the message that this patient is conveying: 'I managed my own health rather than depend on the advice of any one medical provider. I truly believe that only a team of medical professionals could have effectively helped me, but no such teams exist. Every TN patient must become proactive. They must become the leader of the medical team. They must seek a broad spectrum of input and then they must form their own treatment plan.'
MULTIPLE-CHOICE QUESTIONS (TRUE (T)/FALSE (F); ANSWERS AFTER THE REFERENCES) 1. Epidemiology and pathophysiology
A. Trigeminal neuralgia is more common in women. B. Trigeminal neuralgia is a form of neuropathic pain. C. Trigeminal neuralgia is most closely associated with hypertension. D. The ignition theory for trigeminal neuralgia is supported by clinical evidence. E. A risk factor is MS.
Classical trigeminal neuralgia includes the following presentation
A. Memorable onset. B. Each pain attack lasts between 2 and 3 min.
Current research questions
< What is the epidemiology of this condition, its prognosis, risk factors, role of genetics, economic burden? < What are the diagnostic criteria and variations, and do these affect management? < What objective tests can be used to validate the clinical diagnosis, including functional MRI? < How could the cohort multiple randomised controlled trials model provide data on natural history and evaluation of various treatments in more realistic settings 39 ? < How can patients be best supported in managing this long-term condition?
Key messages
< Trigeminal neuralgia is one of the major causes of unilateral episodic shooting pains of the face provoked by light touch activities. < It is likely that the incidence of trigeminal neuralgia is rising and affecting younger groups. < Although often managed biomedically, it can result in profound psychological effects. < Recent international guidelines suggest that the primary drugs remain carbamazepine and oxcarbazepine. < Surgical treatments, especially the non-destructive technique of microvascular decompression, provide the longest pain-free intervals.
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